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Objective: The purpose was to evaluate the effectiveness of a progressive muscle strength-
ening program using a Swiss ball for AS patients.
Methods: Sixty patients with AS were randomized into the intervention group (IG) or the
control group (CG). Eight exercises were performed by the IG patients with free weights on
a  Swiss ball two times per week for 16 weeks. The evaluations were performed by a blinded
evaluator at baseline and after 4, 8, 12 and 16 weeks using the following instruments: the
one-repetition maximum test (1 RM), BASMI, BASFI, HAQ-S, SF-36, 6-minute walk test, time
up  and go test, BASDAI, ASDAS, ESR and CRP dosage and Likert scale.
Results: There was a statistical difference between groups for: strength (1 RM capacity) in the
following exercises: abdominal, rowing, squat, triceps and reverse ﬂy (p < 0.005); 6-minute
walk test (p < 0.001); timed up and go test (p = 0.025) and Likert scale (p < 0.001), all of them
with  better results for the IG. No differences were observed between the groups with respect
to  the functional capacity evaluation using the BASFI, HAQ-S, BASMI, SF-36, TUG, ASDAS,
ESR  and CPR dosage.
Conclusions: Progressive muscle strengthening using a Swiss ball is effective for improvingmuscle  strength and walking performance in patients with AS.
©  2016 Elsevier Editora Ltda. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).Please cite this article in press as: Souza MC, et al. Swiss ball exercises improve muscle strength and walking performance in ankylosing
spondylitis: a randomized controlled trial. Rev Bras Reumatol. 2016. http://dx.doi.org/10.1016/j.rbre.2016.09.009
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255-5021/© 2016 Elsevier Editora Ltda. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
icenses/by-nc-nd/4.0/).
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Exercícios  na  bola  suíc¸a  melhoram  a  forc¸a  muscular  e  o  desempenho  na
caminhada  na  espondilite  anquilosante:  ensaio  clínico  randomizado
Palavras-chave:
Exercícios
Exercícios resistidos
Bola suíc¸a
Espondilite anquilosante
r  e  s  u  m  o
Objetivo: Avaliar a efetividade de um programa de fortalecimento muscular progressivo com
o  uso de uma bola suíc¸a em pacientes com espondilite anquilosante (EA).
Métodos: Sessenta pacientes com EA foram randomizados em grupo intervenc¸ão (GI) ou
grupo controle (GC). Os pacientes com EA ﬁzeram oito exercícios com pesos livres em uma
bola  suíc¸a duas vezes por semana durante 16 semanas. As avaliac¸ões foram feitas por um
avaliador cego no início do estudo e após quatro, oito, 12 e 16 semanas com os seguintes
instrumentos: teste de uma repetic¸ão máxima (1 RM), Basmi, Basﬁ, HAQ-S, SF-36, teste de
caminhada de seis minutos, Timed up and go test,  Basdai, Asdas, dosagem de VHS e PCR e
escala de Likert.
Resultados: Houve uma diferenc¸a estatisticamente signiﬁcativa entre os grupos em relac¸ão
à  forc¸a (capacidade no teste de 1 RM) nos seguintes exercícios: abdominal, remada,
agachamento, tríceps e cruciﬁxo invertido (p < 0,005); teste de caminhada de seis minutos
(p  < 0,001); Timed up and go test (p = 0,025); e escala de Likert (p < 0,001), todos com melhores
resultados no GI. Não foram observadas diferenc¸as entre os grupos em relac¸ão à avaliac¸ão
da  capacidade funcional com Basﬁ, HAQ-S, Basmi, SF-36, TUG, Asdas, VHS e dosagem de
PCR.
Conclusões: O fortalecimento muscular progressivo com uma bola suíc¸a é efetivo em mel-
horar a forc¸a muscular e o desempenho na caminhada em pacientes com EA.
©  2016 Elsevier Editora Ltda. Este e´ um artigo Open Access sob uma licenc¸a CCIntroduction
Ankylosing spondylitis (AS) is an inﬂammatory disease that
affects the axial skeleton and causes low back pain and
functional impairment. The disease causes inﬂammation and
pain in the spine and joints, which reduces physical activity
and spinal mobility and causes fatigue, stiffness, sleep dis-
orders and depression.1 Exercises are important to maintain
or improve spinal mobility and physical ﬁtness as well as to
reduce pain and are included in evidence-based recommen-
dations for the management of AS.2
One study showed that weakness of peripheral muscles of
the limbs (specially the quadriceps) could be one of the most
important determinant of exercise intolerance in patients
with AS. Also, the study concluded that muscle deconditioning
is one of the most important factor for the reduction in aerobic
capacity, suggesting the importance of muscle strength-
ening exercises in these patients, in addition to aerobic
training.3
Resistance exercises are currently used in several studies.4
They can be performed using free weights, resistance bands
or weight machines.5 Exercise that use the Swiss ball differed
from other resistance exercise because it recruits the mus-
cles responsible for spine stabilization during movement.6
Musculoskeletal and cardiovascular safety of resistance train-Please cite this article in press as: Souza MC, et al. Swiss ball exercises
spondylitis: a randomized controlled trial. Rev Bras Reumatol. 2016. http:/
ing have also been demonstrated, even in the face of
co-morbidities. Currently, there is evidence to justify the use
of these exercises for health promotion, rehabilitation and
therapeutic purposes.4,7,8BY-NC-ND (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Despite the recognized importance of exercise as part of
a treatment plan for patients with AS, the beneﬁt of speciﬁc
exercise programs have not been established in the literature.9
In a systematic review of the literature, the authors
reported difﬁculty in performing a meta-analysis due to
heterogeneity of the studies. In this review, it was shown
that there is moderate evidence on the effects of exer-
cise in improving functional capacity, disease activity and
chest expansion when compared to a control group with-
out exercise. The authors conclude that literature has
not established which exercise protocol is more  effective
in AS.10
Muscle strengthening exercises have been studied in ﬁve
other trials in AS patients. In these studies, the strengthened
muscles were the legs, trunk, arms, back and abdominal exer-
cises. Most of these trials fail to not describe the methodology
used to perform the strengthening exercises as: sets, num-
ber of repetitions, load maximum calculation, frequency per
week, progression of loads and duration of muscle strength-
ening program.11–15
Resistance exercises with the aid of unstable surfaces such
as a Swiss ball are hypothesized to improve the functional
capacity of patients because this workout affects other aspects
of physical ﬁtness such as balance and proprioception.
The aim of this study was to evaluate the effectiveness of
muscle strengthening exercises with a Swiss ball primarily in
the functional capacity and, secondarily, in muscle strength,
disease activity, spinal mobility, performance in walking and improve muscle strength and walking performance in ankylosing
/dx.doi.org/10.1016/j.rbre.2016.09.009
quality of life in patients with AS.
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aterial  and  methods
opulation
his study is a randomized controlled trial with a blind evalua-
or and 16 weeks of follow-up. Sixty patients of both genders,
etween 18 and 60 years old, who  had been diagnosed with
S by a rheumatologist according to the modiﬁed New York
riteria16 were selected by personal invitation during routine
isits in a outpatient clinic of a university hospital (Universi-
ade Federal de São Paulo). The study was approved by the
thics committee of the institution (CEP 0038/11) and was reg-
stered (Clinicaltrials.gov: NCT01351311).
The inclusion criteria were as follows: an established diag-
osis of AS; a Steinbrocker functional class of I-II; for patients
hat were using medication the dosage should be stable –
isease-modifying anti-rheumatic drug (DMARD) for at least
hree months and NSAIDs and/or corticosteroids for at least
our weeks. The patients who were not using any medication
or AS, should be on this condition for at least three months.
Patients with uncontrolled hypertension, a history of coro-
ary artery disease, a history of syncope or arrhythmias
nduced by exercise, decompensated diabetes mellitus, severe
sychiatric disorders, ﬁbromyalgia, a more  disabling medical
ondition than AS, a history of regular exercise of at least
0 min  two times a week in the last 3 months, and any condi-
ion that could prevent the patient from performing exercises
n the last three months, were excluded.
A computer-generated randomization list was utilized to
andomly allocate patients into intervention (IG) or control
CG) groups and a concealed randomization with an opaque
ealed envelope was performed.
ntervention
ntervention  group
he IG performed resistance exercises on a Swiss ball in group
f a maximum of 4 patients under supervision of a trained
hysiotherapist. The exercises protocol is described in Fig. 1.
he ball size was chosen according to patient height. For 16
eeks, these patients performed eight exercises twice a week
n 50-minute sessions. The loads were assessed at baseline
nd re-assessed after 4, 8, 12 and 16 weeks to evaluate the
rogression of the loads. The loads were evaluated by the one-
epetition maximum (1 RM)  test, where 1 RM is the maximum
oad supportable in the execution of a single movement.
All the exercises were performed in three sets of 10 rep-
titions. The weight progression was as follows: in weeks 0
hrough 4, the exercises were performed with 50% of the 1RM;
n weeks 4 through 12, the exercises were performed with 60%
f the 1RM; and in weeks 12 through 16, the exercises were per-
ormed with 70% of the 1RM. We adopted a 2-minute recovery
eriod between the sets.4
The IG patients underwent muscle-strengthening exer-
ises with the aid of a ball and dumbbells, as describedPlease cite this article in press as: Souza MC, et al. Swiss ball exercises
spondylitis: a randomized controlled trial. Rev Bras Reumatol. 2016. http:/
n Table 1. All the exercises required simultaneous muscle
ontraction of the latissimus dorsi, abdominal, paraspinal,
luteus, quadriceps and hamstring muscles to maintain sta-
ility on the ball.6 6;x  x x(x x):xxx–xxx 3
Control  group
The CG remained with medical treatment only, and the iden-
tical treatment was offered to them after the end of the study.
Outcomes
The primary outcome is the BASFI (Bath Ankylosing
Spondylitis Functional Index). Patients were evaluated before
randomization at baseline (T0) after 4 (T4), 8 (T8), 12 (T12) and
16 (T16) weeks. The following outcomes were evaluated by a
blinded evaluator:
• BASFI (Bath Ankylosing Spondylitis Functional Index); is 10
item index that evaluate the functional capacity in per-
forming daily activities of patients with AS. The average of
the results of the ten scales is the BASFI score (0–10), with
higher values indicating greater impairment in functional
capacity.17
• HAQ-S (Health Assessment Questionnaire for Spondy-
loarthritis); to assess the physical functioning. The measure
includes items concerning dressing, arising, eating, walk-
ing, hygiene, reaching, gripping, and errands and chores
taken from the disability index of the HAQ, and an addi-
tional 5 speciﬁc items concerning neck function and static
posture (driving a car, using a rear-vision mirror, carrying
heavy groceries, sitting for long periods, and working at a
desk). There are 25 items divided in 10 domains. The ﬁnal
score is the result of the sum of the average scores of the
ten domains, ranging from 0 to 3.18
• 6-minute walking test (6MWT) that is a functional test that
assess distance walked over 6 min  in a 22-meter indoor
track.19
• Timed up and go test (TUG) that is a functional test that
aims to assess mobility and balance. Measure the time in
seconds for a person to rise from sitting from a standard
arm chair, walk 3 m,  turn, walk back to the chair, and sit
down. The person wears regular footwear and customary
walking aid.20
• One repetition maximum test (1 RM) was used for to eval-
uate the muscle strength, 1-RM represented the maximum
weight that the patient can lift in one repetition.8
• BASDAI (Bath Ankylosing Spondylitis Disease Activity
Index) is the gold standard for measuring and evaluating
disease activity in AS. Patients answered 6 questions per-
taining to the 5 major symptoms of AS: fatigue, spinal
pain and joint pain/swelling, areas of localized tenderness,
morning stiffness duration, and morning stiffness sever-
ity. The ﬁnal score ranges from 0 to 10 with higher score
suggesting suboptimal control of disease.
• BASMI (Bath Ankylosing Spondylitis Metrology Index) which
consists of ﬁve steps: cervical rotation, tragus to wall
distance, lumbar side ﬂexion, modiﬁed Schober’s and inter-
malleolar distance. Patients repeated each measurement
three times and the best of them was used. Each is allo-
cated on a numerical scale from zero to ten and the ﬁnal
score of BASMI is the arithmetic mean of the ﬁve values,
21 improve muscle strength and walking performance in ankylosing
/dx.doi.org/10.1016/j.rbre.2016.09.009
the end result may vary from 0 to 10.
• Chest expansion was used to assess chest mobility. Using a
tape the circumference of the patient’s chest was measured
at the level of the 4th intercostal space. Patients were asked
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Fig. 1 – (A) Biceps – sitting on the ball, ﬂexes and extends the forearm against resistance of free weight. Major muscles
acting: biceps, radial brachiobasilic; (B) triceps – sitting on the ball, hold the dumbbell with both hands, raise your arms so
they are perpendicular to the ground and performs ﬂexion and extension of the forearm. Major muscles acting: triceps,
deltoid; (C) rowing – standing position, with one leg up and over the ball and the contralateral limb in extension and the
upper performs motion similar to rowing. Major muscles acting: teres major, teres minor, rhomboids and serratus anterior;
(D) squat – standing position, with the support of the ball in the lumbar, performs squat movement  with weights in hands.
Major muscles acting: quadriceps, hamstrings, gluteus maximus and middle, rectus abdominis and latissimus dorsi; (E)
lateral rise – sitting on the ball, makes abduction of the upper limb against resistance. Major muscles acting: clavicular e
acromial deltoid; (F) cruciﬁx – supine on the ball, with thoracic and lumbar spines on the ball, performs the abduction
movement  of the upper limbs. Major muscles acting: pectoralis major, long head of the biceps; (G) abdominal – supine on
the ball, with a load on the pectoral region and lumbar spine on the ball, performs ﬂexion of the trunk. Major muscles
acting: rectus abdominis, external and internal oblique, gluteus; (H) reverse cruciﬁx – prone on the ball, kneeling on a
ctinpillow, performs full extension of the arms. Major muscles a
to inspire and exhale maximally using standard breathing
instructions and the greater excursion in cm recorded.22
• The SF-36 Health Survey was used to evaluate the quality of
life. With overall scores ranging from 0 to 100 (higher scores
denote better general health).23Please cite this article in press as: Souza MC, et al. Swiss ball exercises
spondylitis: a randomized controlled trial. Rev Bras Reumatol. 2016. http:/
• The ASDAS-CRP/ESR (Ankylosing Spondylitis Disease Activ-
ity Score) the C-Reactive Protein (CRP) and the erythrocyte
sedimentation rate (ESR) were used to assess the diseaseg: posterior deltoid, teres major, teres minor, trapezius.
activity; the ASDAS determines disease activity, using the
scores (on a scale of numerical measure of 0–10) of back
pain, duration of morning stiffness, global assessment by
the patient, pain/swelling in peripheral joints and also the
PCR doses (mg/L) or ESR (mm/h). The values are put into an improve muscle strength and walking performance in ankylosing
/dx.doi.org/10.1016/j.rbre.2016.09.009
equation to obtain the ﬁnal score.24
• Patient satisfaction with the treatment (Likert scale) – the
patients were asked about: “How they felt after treatment?”
ARTICLE IN PRESSRBRE-329; No. of Pages 11
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Table 1 – Clinical and demographic characteristics of the patients with AS (n = 60).
Variables Intervention group
(n = 30)
Control group
(n = 30)
p
Age – years (mean (SD)) 45 (9.8) 43.8 (10.2) 0.663a
Gender (f:m) 07:23 09:21 0.559b
Time since diagnosis – years (mean (SD)) 8.8 (6.6) 9.6 (7.8) 0.830c
Drugs – n (%)
No drugs 4  (13.8) 1 (3.3) 0.149b
NSAID continuous 7 (24.1) 9 (30) 0.613b
MTX 6 (20.7) 4 (13.3) 0.451b
SLZ 5 (17.2) 2 (6.7) 0.209b
TNF 10 (34.5) 13 (43.3) 0.728b
SD, standard deviation; MTX, methotrexate; SLZ, sulfasalazine; TNF, tumor necrosis factor.
a Student’s t-test.
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We did not ﬁnd statistical differences between the groups
with respect to the functional capacity assessed by BASFI,
HAQS and TUG. We  found no differences in the assessment of
Individuals contacted
(n=80)
Individuals excluded (n=3)
Did not match criteria (n=5)
Refused to participate (n=10)
Not found (n=2)
Randomly selected
(n=60)
Interventional group
(n=30)
3 abandoned
experiment
2 abandoned
experiment
Control group
(n=30)
n=27 n=28 b Chi square test.
c Mann–Whitney test.
and can choose between ﬁve sentences as follows: 1 – much
worse; 2 – a little worse, 3 – no change, and 4 – a little better;
5 – much better.25
 Anti-inﬂammatory and analgesic intake – the amount of
medication used during the study was noted on a spread-
sheet given to the patients.
 All instruments of assessment used in this study were
translated and validated for the Brazilian version and fol-
lowing we  explained when the outcomes were evaluated
during the study: 1RM was evaluated in all evaluation times;
patient satisfaction was evaluated at T4, T8, T12, and T16;
BASFI, HAQ-S, 6MWT,  TUG, BASMI, thoracic expansion, BAS-
DAI and SF-36 were evaluated at T0, T8 and T16; ESR, CPR
and ASDAS were evaluated at T0 and T16 and the anti-
inﬂammatory and analgesic intake was evaluated at T16.
tatistical  analysis
he sample size was calculated using the variable BASFI as
he main variable of the study, and the standard deviation
as 2.0 points.26 We  used a repeated-measure ANOVA as the
tatistical method for this analysis. For the determination of
 minimal effect of 2.0 points, a 5%  ˛ error, 20%  ˇ error and
D () of 2.0 points were established. Given a power of 80%
nd a 5% detectable signiﬁcance difference equal to 2.0 in the
ange that BASFI measured three times over time in two inde-
endent groups, we  found a sample of 27 patients in each
roup. Considering the possible dropouts, we randomized 60
atients.
The data were analyzed by SPSS software version 17.0
Chicago, IL). The continuous variables between the two
roups at baseline were compared using Student’s t-test (for
ariables with normal distribution) and the Mann–Whitney
est (for the variables with non-normal distribution). The
ategorical variables were compared using the chi-square
est. To assess the response to intervention, the intention to
reat analysis was used, with the last evaluation carried for-Please cite this article in press as: Souza MC, et al. Swiss ball exercises
spondylitis: a randomized controlled trial. Rev Bras Reumatol. 2016. http:/
ard when necessary. The analysis of variance (ANOVA) with
epeated measures was used to assess the response to therapy
ver time. The effect size was calculated between groups for
ariables that showed differences between groups at any time,with the conﬁdence interval of 95%. The level of statistical
signiﬁcance was 5%.
Results
Fig. 2 shows the ﬂowchart of the study. Three patients in
the IG and 2 patients in the CG abandoned the study. The
reasons were: loss of contact, pain exacerbation and rup-
ture of calcaneus tendon in the IG and loss of contact in the
CG.
The patients were homogeneous with respect to the demo-
graphic and clinical characteristics at baseline (Table 1). improve muscle strength and walking performance in ankylosing
/dx.doi.org/10.1016/j.rbre.2016.09.009
Intent to treat=60 patients
Fig. 2 – Flowchart of the study.
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Table 2 – Evaluation of functional capacity, mobility, disease activity and analgesic/AINEs intake in both groups of
patients with AS (n = 60) at different weeks.
Variables Intervention group Control group p interactiona p intergroupsa CV
Time Mean (SD) Mean (SD)
BASFI 0.023
T0 4.62 (2.49) 4.09 (2.40) 0.410 0.53
T8 3.88 (2.36) 3.99 (2.56) 0.872 0.60
T16 3.36 (2.16) 3.90 (2.6) 0.386 0.64
HAQ-S 0.131
T0 0.79 (0.51) 0.75 (0.53) 0.637 0.64
T8 0.69 (0.46) 0.74 (0.51) 0.637 0.66
T16 0.58 (0.44) 0.70 (0.5) 0.637 0.75
BASMI 0.170
T0 4.94 (2.09) 5.19 (2.04) 0.344 0.42
T8 4.90 (1.86) 5.44 (2.14) 0.344 0.37
T16 4.69 (1.94) 5.37 (2.2) 0.344 0.41
Thoracic expansion (cm) 0.768
T0 3.33 (1.57) 3.50 (1.90) 0.939 0.47
T8 3.48 (1.83) 3.45 (2.02) 0.939 0.52
T16 3.45 (1.61) 3.41 (1.89) 0.939 0.46
6-minute walking test (m) <0.001
T0 447.43 (54.99) 435.43 (59.44) 0.424 0.12
T8 451.40 (51.52) 440.80 (51.96) 0.435 0.11
T16 464.43 (48.03) 427.20 (49.6) 0.005 0.10
Time up and go (s) 0.025
T0 7.36 (1.68) 7.20 (1.60) 0.705 0.22
T8 6.48 (1.13) 6.62 (1.06) 0.621 0.17
T16 6.19 (1.16) 6.76 (1.31) 0.077 0.18
BASDAI 0.828
T0 2.52 (1.65) 2.34 (2.26) 0.885 0.65
T8 2.09 (1.61) 2.01 (2.39) 0.885 0.77
T16 2.08 (1.84) 2.12 (2.4) 0.885 0.88
ASDAS-CRP 0.425
T0 2.20 (0.91) 1.89 (1.00) 0.370 0.41
T16 1.93 (0.84) 1.86 (1.10) 0.43
ASDAS-ESR 0.075
T0 2.23 (0.87) 2.11 (0.97) 0.474 0.39
T16 1.73 (0.70) 2.15 (1.25) 0.40
C-reactive protein (mg/dL) 0.351
T0 6.53 (6.00) 4.70 (5.96) 0.063 0.91
T16 9.27 (13.50) 4.51 (6.75) 1.45
ESR (mm/h) 0.104
T0 18.10 (13.23) 18.00 (12.27) 0.356 0.73
T16 13.31 (9.01) 18.71 (14.33) 0.67
NSAIDs
T16 3.17 (5.86) 1.56 (4.88) 0.133b 1.84
Analgesic
T16 1.97 (4.94) 2.19 (5.41) 0.749b 2.50
CV, coefﬁcient of variation for intervention group; HAQ-S, Health Assessment Questionnaire for Spondyloarthritis; BASFI, Bath Ankylosing
Spondylitis Functional Index; Basmi, bath ankylosing spondylitis metrology index; Basdai, Bath Ankylosing Spondylitis Disease Activity Index;
ASDAS, Ankylosing Spondylitis Disease Activity Score; ASDAS PCR, ASDAS C-Reactive Protein; ASDAS VHS, ASDAS erythrocyte sedimentation
rate.
a ANOVA test.
b Mann–Whitney test.
spinal mobility evaluated by BASMI and thoracic expansion.Please cite this article in press as: Souza MC, et al. Swiss ball exercises
spondylitis: a randomized controlled trial. Rev Bras Reumatol. 2016. http:/
Statistical differences were found between the groups in
the 6-minute walk test at week 16 (p = 0.005, coefﬁcient of
variation = 0.10). Regarding the disease activity, we found nostatistical differences between the groups regarding BASDAI, improve muscle strength and walking performance in ankylosing
/dx.doi.org/10.1016/j.rbre.2016.09.009
ASDAS-CRP/ESR, CRP and ESR. There was no statistical signif-
icant difference between groups (Table 2) in the consumption
of analgesics and NSAIDs.
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Table 3 – Evaluation of muscle strength according to the exercises in both groups.
Exercise Intervention group Control group p interactiona p intergroups CV
Time Mean (SD) Mean (SD)
Biceps (kg) 0.041
T0 6.47 (2.32) 6.57 (2.66) 0.878 0.35
T4 7.37 (2.60) 7.00 (2.53) 0.586 0.35
T8 7.63 (2.79) 7.20 (2.75) 0.550 0.36
T12 7.97 (2.64) 7.30 (2.56) 0.329 0.33
T16 8.43 (2.78) 7.43 (2.70) 0.166 0.32
Triceps (kg) <0.001
T0 6.90 (2.64) 7.23 (3.20) 0.664 0.38
T4 8.70 (3.28) 7.63 (3.62) 0.240 0.37
T8 9.27 (3.86) 7.93 (3.30) 0.160 0.41
T12 10.17 (4.16) 8.20 (3.39) 0.052 0.40
T16 11.07 (4.46) 8.57 (3.55) 0.021 0.40
Rowing (kg) 0.001
T0 9.63 (3.18) 9.73 (3.04) 0.902 0.33
T4 11.10 (3.76) 10.70 (3.41) 0.670 0.33
T8 12.40 (4.25) 11.17 (3.92) 0.252 0.34
T12 19.47 (31.95) 11.27 (3.89) 0.024 1.64
T16 13.90 (4.03) 11.63 (3.58) 0.026 0.28
Squat (kg) 0.007
T0 13.67 (5.90) 13.67 (6.06) 1.000 0.43
T4 16.53 (6.56) 14.97 (6.12) 0.347 0.39
T8 19.40 (6.78) 16.57 (6.57) 0.109 0.34
T12 20.50 (6.24) 16.97 (6.79) 0.042 0.30
T16 21.27 (7.47) 16.50 (6.89) 0.014 0.35
Lateral rise (kg) <0.001
T0 4.53 (1.84) 4.67 (2.14) 0.798 0.40
T4 4.97 (1.97) 5.00 (2.07) 0.950 0.39
T8 5.37 (1.91) 5.07 (2.20) 0.577 0.35
T12 5.73 (2.06) 5.20 (2.12) 0.332 0.35
T16 6.20 (2.21) 5.23 (2.28) 0.104 0.35
Cruciﬁx (kg) 0.002
T0 4.10 (1.92) 4.33 (2.01) 0.650 0.46
T4 4.73 (1.61) 4.60 (2.14) 0.788 0.34
T8 5.17 (1.88) 4.67 (1.92) 0.316 0.36
T12 5.70 (1.93) 4.70 (2.07) 0.060 0.33
T16 5.90 (2.04) 5.00 (2.38) 0.124 0.34
Abdominal (kg) <0.001
T0 16.63 (8.75) 17.63 (13.15) 0.731 0.52
T4 23.60 (12.10) 20.83 (12.53) 0.392 0.51
T8 28.33 (13.12) 21.67 (13.14) 0.056 0.46
T12 32.33 (15.26) 24.10 (13.08) 0.030 0.47
T16 39.33 (17.21) 26.33 (14.68) 0.003 0.43
Reverse cruciﬁx (kg) 0.002
T0 3.93 (1.44) 4.03 (1.45) 0.791 0.36
T4 4.75 (1.57) 4.27 (1.36) 0.213 0.33
T8 5.12 (1.67) 4.53 (1.59) 0.175 0.32
T12 5.33 (1.72) 4.67 (1.52) 0.120 0.32
T16 5.93 (1.88) 4.87 (1.61) 0.023 0.31
g
f
r
e
tCV, coefﬁcient of variation for intervention group.
a ANOVA test.
With regard to muscle strength, differences between the
roups were observed, with improvement in the IG in the
ollowing exercises: triceps, rowing, squats, abdominal andPlease cite this article in press as: Souza MC, et al. Swiss ball exercises
spondylitis: a randomized controlled trial. Rev Bras Reumatol. 2016. http:/
everse cruciﬁx, as shown in Table 3.
Table 4 shows the domains of the SF-36, and no differ-
nces between the groups were observed in any domains of
he questionnaire.Statistical difference was observed between the groups on
the Likert scale (p < 0.001). The intervention group showed a
higher frequency of answers 4 (a little better) and 5 (much bet- improve muscle strength and walking performance in ankylosing
/dx.doi.org/10.1016/j.rbre.2016.09.009
ter), whereas the control group showed a higher frequency of
answer 3 (no change).
The effect size (ES) was calculated for the variables that
showed differences between groups at any time. In T16, we
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Table 4 – Evaluation of the general quality of life using the SF-36 questionnaire in both groups of patients with AS.
Domains Intervention group Control group p interactiona p intergroupsa CV
Time Mean (SD) Mean (SD)
Physical functioning 0.189
T0 65.7 (23.2) 67.2 (23.2) 0.926 0.35
T8 69.2 (23.6) 71 (21.9) 0.926 0.34
T16 73 (18.3) 68.2 (26) 0.926 0.25
Role-physical 0.802
T0 54.2 (47.4) 58.3 (47.5) 0.856 0.87
T8 63.3 (47.2) 60 (48.1) 0.856 0.69
T16 67.5 (42.1) 71.7 (42.9) 0.856 0.62
Pain 0.598
T0 61.1 (19.8) 62.4 (25.4) 0.841 0.32
T8 66 (21.7) 61.7 (25.8) 0.841 0.32
T16 65.6 (19.4) 65.6 (27.5) 0.841 0.29
General health 0.365
T0 44.7 (20.5) 46.2 (23.8) 0.718 0.45
T8 52.3 (21.3) 49.5 (23.5) 0.718 0.40
T16 51.8 (21.5) 47.3 (26.4) 0.718 0.41
Vitality 0.295
T0 62.5 (25.2) 61.3 (33.6) 0.460 0.40
T8 69.5 (18.3) 64.8 (31.6) 0.460 0.26
T16 72.2 (17.8) 3.7 (30.9) 0.460 0.24
Social functioning 0.469
T0 75.3 (24.9) 78.3 (24.2) 0.820 0.33
T8 81.6 (21.9) 78.3 (24.3) 0.820 0.26
T16 81.9 (21.7) 78.7 (26.5) 0.820 0.26
Role-emotional 0.866
T0 60 (49.8) 75.5 (41) 0.161 0.83
T8 68.6 (44.6) 77.7 (40.4) 0.161 0.65
T16 72.2 (43.9) 84.4 (35.8) 0.161 0.60
Mental health 0.236
T0 71.1 (25.9) 73.3 (21.8) 0.807 0.36
T8 73.3 (21.8) 78.4 (25.1) 0.807 0.29
T16 78.4 (18.4) 76.7 (26.6) 0.807 0.23CV, coefﬁcient of variation for intervention group.
a ANOVA test.
found an ES of 37.2 in the 6 min  walk test (95% CI 11.8 to 62.7);
and in measuring the strength of triceps and reverse cruciﬁx
exercises the ES were 2.5 (95% CI 0.39 to 4.61) and 1.07 (95%
CI 0.15 to 1.98) respectively. In T12 and T16, the strength mea-
surements of rowing exercise showed an ES of 2.5 (95% CI 0.34
to 4.66) and 2.27 (95% CI 0.28 to 4.25) respectively; the strength
measured in squat exercise showed an ES of 3.53 (95% CI of
6.93 to 0.4) in T12 and 4.77 (95% 1.02 to 8.52) in T16. Regarding
the strength measurement of abdominal exercise we  found an
ES of 8.23 (95% CI 0.81 to 15.65) in T12 and 13 (95% CI 4.65 to
21.35) in T16.
Discussion
Exercises are widely recommended for the treatment ofPlease cite this article in press as: Souza MC, et al. Swiss ball exercises
spondylitis: a randomized controlled trial. Rev Bras Reumatol. 2016. http:/
patients with AS; however, there is no consensus in the lit-
erature regarding the most efﬁcient type of exercises.27,28
Studies using exercises as a treatment for many  diseases fail
to describe the number of sets and repetitions, the trainingprogression and a demonstration of the exercises for the study
exercise protocol to be reproducible. A review of exercise pro-
grams for AS found ﬁve studies with muscle strengthening
exercises, and none of these studies described the exercise
program adequately, therefore it is difﬁcult to deﬁne the opti-
mal  dose and progression of exercises.9 The present study
shows an exercise protocol that can be easily reproduced
because it describes the exercises, the number of sets and rep-
etitions and the progression of training loads. This protocol
was shown to be effective and safe.
The exercise protocol presented in this study is in accor-
dance with the recommendations of the American College of
Sports Medicine regarding the muscle strength training pro-
gression, the number of sets and repetitions, and the rest
intervals between sets.8 Because these recommendations are
for healthy adults, we believe that our training was intense improve muscle strength and walking performance in ankylosing
/dx.doi.org/10.1016/j.rbre.2016.09.009
for sedentary patients with a chronic systemic inﬂammatory
disease. In this study, we  also found that it was advantageous
to establish the duration of the intervention at 16 weeks of
strength training because we  began to observe differences
ARTICLE IN PRESSRBRE-329; No. of Pages 11
 . 2 0 1
b
1
c
i
i
g
a
w
m
o
t
m
t
t
E
j
m
s
i
e
p
o
c
t
6
m
l
s
i
A
i
c
p
s
i
p
p
b
t
o
w
a
p
g
u
i
q
q
u
d
c
p
n
p
d
fr  e v b r a s r e u m a t o l
etween the groups in terms of strength improvement after
2 weeks. The study of Fernandez de Las Penas et al. was
onducted for 16 weeks, and it compared conventional phys-
otherapy with global postural reeducation and demonstrated
mprovement in mobility and functional capacity in both
roups.11 Other studies using muscle-strengthening exercises
s an intervention with shorter durations, such as 6, 8 and 12
eeks, showed conﬂicting results, although they had in com-
on  the lack of a detailed description of the load, the number
f sets and the number of repetitions of the exercises, ensuring
hat it was difﬁcult to compare the results.12–14
The decision to perform the exercises on a Swiss ball was
ade because of the beneﬁts this type of exercise could offer
o the patient during the execution of movements, such as
he recruitment of the stabilizer muscles known as the “core”.
xercises that activate the core muscles have been the sub-
ect of recent studies, and there is greater activation of these
uscles in the exercises performed with the Swiss ball.5,6 One
tudy showed that strength and core stability were important
n improving the performance activities of daily living in the
lderly.29 Pilates exercises that activate the core have been
rescribed and are effective in the functional improvement
f AS patients.30 These ﬁndings justify our selection of exer-
ises performed on the Swiss ball, although our goal was not
o evaluate the effects of speciﬁc core exercises.
We believe that the improvement in performance of the
-minute walk test has a direct relationship with improved
uscle strength, particularly in the squat exercise during the
ast week of evaluation, which shows that the increase in
trength in the lower limbs could determine the amount of
mprovement in the walking performance in patients with
S. These results corroborate the ﬁndings of previous stud-
es regarding the correlation of muscle strength with aerobic
apacity. In the study by Carter et al., which evaluated the
hysical abilities of patients with AS, the authors demon-
trated that the reduction in aerobic capacity and exercise
ntolerance were largely explained by the weakness of the
eripheral muscles, such as the quadriceps, observed in these
atients.3 The weakness of the lower limbs in patients has
een documented in two studies by Sahin et al. that compared
he strength and fatigue of the muscles of the ankle and knee
f AS patients with healthy controls. The amount of fatigue
as higher, and the muscle strength of the plantar ﬂexors,
nkle ﬂexors and knee extensors was signiﬁcantly lower in
atients with AS.26,31
In this study, no differences were observed between the
roups with respect to the functional capacity evaluation
sing the BASFI and HAQ-S. The BASFI and HAQ-S are val-
dated instruments to measure functional capacity and use
uestions about daily living activities in patients with AS. Most
uestions are about simple activities such as dressing, getting
p from a chair, and climbing steps. Thus, the instruments
o not assess more  intense physical activities and only detect
hanges in lighter physical tasks.32 In our study, although the
atients showed improvements of muscular strength they did
ot improve functional capacity. It is possible that the exercisePlease cite this article in press as: Souza MC, et al. Swiss ball exercises
spondylitis: a randomized controlled trial. Rev Bras Reumatol. 2016. http:/
rogram was more  directed to increase physical ﬁtness and
id not achieve the objective of improving functional capacity.
In contrast, in the study by Lim et al., the exercises per-
ormed once a day for eight weeks improved the functional 6;x  x x(x x):xxx–xxx 9
capacity of the intervention group compared to the control
group.26 A recent study by Gunay et al. that evaluated the
effectiveness of breathing exercises and postures in a group
of patients with AS demonstrated improvement in functional
capacity, mobility, disease activity and quality of life in rela-
tion to the isolated group that performed postural exercises
and the control group. A study by Gunay et al. used a small
sample, and only intra-group comparisons were performed.33
Few studies used the HAQ-S to assess the functional capac-
ity of patients with AS who underwent an exercise program.
A study by Sweeney at al found no differences in the HAQ-S
between the patients who did home exercises versus group
exercises for 9 months.34
The difference in functional capacity between groups
might not have been impressive in our study because our
patients were stable with drug treatment, and almost 40% of
our patients were stable with the use of anti-TNF therapy. This
might explain the lack of differences between the groups with
respect to disease activity assessed by BASDAI and ASDAS-
CRP/ESR and the use of analgesics and anti-inﬂammatory
medications during the study period.
This study was the ﬁrst to use the Timed up and go test
timed up as a measuring tool to evaluate other parameters of
functional capacity such as standing, walking and sitting in
patients with AS. This test is widely used for the assessment
of balance and mobility in the elderly.35 Because both groups
averaged less than 10 s from the initial assessment, both were
considered freely mobile. It is possible that improvement in
this test was not detected at the end of 16 weeks because the
patients had shown good functional independence at base-
line.
No differences were observed between the groups in terms
of the quality of life assessed by the SF-36, although many
studies show improvement in quality of life as a result of
therapeutic exercises. It is possible that the instrument did
not have sufﬁcient sensitivity to changes to demonstrate the
effects of the intervention in this population.
Although the effects on functional capacity, mobility and
quality of life were modest, we believe that our exercise pro-
tocol has made a positive impact on patients because the
patients’ satisfaction regarding the treatment was high for the
intervention group, with a statistical difference between the
groups, showing that patients felt “better” or “much better”
with treatment, as assessed by a Likert scale.
Adherence to the exercise therapy is one aspect that should
be observed in studies with exercise programs because it is
an important determinant of the beneﬁcial response to inter-
vention. In this study, adherence was high, with over 80%
attendance at the training sessions. Most studies with physi-
cal exercise in AS do not describe patient compliance. A study
comparing a physical therapy group with individualized home
exercises reported adherence of 73.5% of the patients who
participated in the supervised groups.15 In this present study,
the effect of group therapy, the continuous supervision by a
physiotherapist and no worsening of inﬂammatory disease
activity were identiﬁed as factors that led to the high adher- improve muscle strength and walking performance in ankylosing
/dx.doi.org/10.1016/j.rbre.2016.09.009
ence and patient satisfaction.
One limitation of this study was that the control group
remained without intervention on a waiting list, which might
have led to the intervention group beneﬁtting by the contact
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between the patient and the therapist. We believe that the
treatment period could have been longer because changes
in muscle strength were evident only after 12 weeks. Future
studies of longer duration that compare different exercise pro-
tocols might show promising results.
In conclusion, the progressive muscle strengthening using
the Swiss ball was effective in improving the muscle strength,
walking performance and patient satisfaction in patients with
AS. The exercise program has shown good tolerance without
deleterious effects on the disease activity.
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